Slug flow (or Taylor flow) in microchannels is a two-phase flow regime characterized by the motion of gas bubbles or liquid droplets in a continuous liquid flow. Heat and mass transfer from the fluid to the wall is improved due to internal recirculating flow within both the bubbles/droplets and the continuous phase liquid slugs which promotes the radial mixing of fluids. Slug flow is encountered in various applications of droplet-based microfluidic systems (e.g., DNA analysis, protein crystallization [1]). It is also used for microelectronics cooling [2, 3] . While gas-liquid slug flow has been studied extensively, less research work, both experimental and numerical, has been done on liquid-liquid systems [2] [3] [4] . Wu et al. [5] have recently performed an experimental study on liquid-liquid slug hydrodynamics in square microchannels of cross-shaped junctions. However, it is difficult to make accurate measurements in microstructures. Furthermore, there are several factors influencing the slug hydrodynamics, such as flow rate, fluid viscosity, interfacial tension and channel geometry. Numerical modeling has emerged as a promising alternative way of studying microscale slug flow [6, 7] . Numerical simulations can be utilized to study the effect of various parameters on slug dynamics, droplet and liquid slug sizes, heat transfer etc. Furthermore, modeling can provide flow details which are difficult or impossible to obtain directly from experiments. Thus, the present study aims to use computational fluid dynamics (CFD) to simulate the hydrodynamics of flow of a liquid (organic phase) dispersed in a continuous phase (aqueous phase) in a square channel of cross-shaped junction with a hydraulic diameter of 400 µm.
